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Out-of-hospital Cardiac Arrest in the Elderly
"aging country" since 1993. Furthermore, it is anticipated that the proportion of elderly people will increase to 15% of the total population by 2019 1 . This makes health issues relevant to the elderly an urgent consideration.
Past studies have found that the survival rate following out-of-hospital cardiac arrest (OHCA) is variable and dependent on "the chain of survival" 2 . Recent large-scale studies in North America and Europe revealed a very low survival rate for OHCA of about 6.4% on average 3 . The published survival rate of OHCA in Taiwan is around 1.4-7.2% [4] [5] [6] [7] . In recent years, advances in medical technology and the development of the emergency medical services (EMS) have tended to improve the survival rate [4] [5] [6] [7] .
The survival rate of OHCA in the elderly has never been previously discussed in Taiwan. However, this issue is very important, because the proportion of older patients is increasing 1 and it is anticipated that they will become the major population experiencing cardiac arrests. The outcome of patients suffering cardiac arrest is controversial [8] [9] [10] [11] [12] [13] [14] [15] [16] . Some studies suggest that age is an independent predictor of survival, it being lower among the elderly [8] [9] [10] , but others disagree [11] [12] [13] [14] [15] [16] . The aim of this study was to review the outcome of elderly patients in Taiwan who had suffered OHCA in comparison with adult patients suffering the same condition, to find out whether the former had worse outcomes, and to identify, if possible, the predictors that influence survival.
Materials and Methods
This study was approved by the Mackay Memorial Hospital Institutional Review Board (MMH-I-S-341) and involved a retrospective 1-year review of 330 consecutive nontraumatic OHCA patients from January 1, 2005 to December 31, 2005. Of these patients, 299 received cardiopulmonary resuscitation (CPR) at the emergency department (ED). The remaining patients included 31 who did not undergo CPR by decision of the emergency physician (EP) because of evidence of irreversible death and/or a do-not-resuscitate (DNR) request from the family. All patients were treated at the Mackay Memorial Hospital, a 2,060-bed medical center in northern Taiwan. All the emergency physicians, staff and nurses were qualified under the ACLS 2000 guideline training course 17 . For our analysis of outcomes, we excluded patients younger than 18 years, patients whose cardiac arrests were caused by trauma, attempted suicide, drowning or drug poisoning, and those patients for whom there was a DNR request by family members or where there was evidence of irreversible death, such as rigor mortis or dependent lividity. Signs of OHCA were defined as unresponsiveness, absence of spontaneous respiration, and no palpable pulse upon arrival at the ED. This diagnosis was confirmed by the EP.
According to the Utstein style 18 , return of spontaneous circulation (ROSC) is any spontaneous return of palpable pulse and does not require a specific pulse duration, such as more than 5 minutes. Duration of resuscitation was defined as the interval between ED arrival and the first ROSC at the ED. The patients studied were divided into two groups, an "elderly" group and an "adult" group. The elderly group consisted of all patients of 65 years and older; the adult group consisted of patients aged from 18 to 64 years. Presumed causes of the cardiac arrests were based on records from the EMS-run data and medical charts. We defined resuscitation as successful when the recipient could be discharged from the hospital. Cerebral performance categories (CPC) were used to assess post-resuscitation neurologic outcomes and were simplified into two categories: "good" and "poor" 19 . "Good" was defined as a CPC score of 1 or 2; "poor" was defined as a CPC score of 3 or 4. Definitions of CPC are as follows: CPC 1 is conscious and alert with normal function or slight disability; CPC 2 is conscious and alert with moderate disability; CPC 3 is conscious with severe disability; CPC 4 is comatose or a persistent vegetative status; and CPC 5 is brain death.
Patient information was collected from the EMSrun data and medical charts at the ED and after admission to the ward. Following the Utstein style ■ ■
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Statistical analysis was conducted using SPSS version 12.0 software (SPSS Inc., Chicago, IL, USA) for Windows. Chi-squared tests and Fisher's exact tests were performed for categorical variables. Independent sample t tests were used for continuous variables. Logistic regressions were performed to identify the predicted factors of survival rate between the adult and the elderly groups. A p value of less than 0.05 was the criterion of statistical significance.
Results
During the study period, 330 consecutive nontraumatic OHCA patients were sent to the ED of Mackay Memorial Hospital. Of these patients, 299 received CPR in the ED. We found that age was not a factor affecting the decision to withhold CPR (Table 1) .
Of the 299 patients who underwent CPR, 198 patients were elderly (≥ 65 years) and 101 were adults (18-64 years). The overall survival rate of all patients was 7.4%.
The demographic data and outcomes of these patients are shown in Table 2 . Significantly more of the adult group were male and had ventricular fibrillation/ ventricular tachycardia (VF/VT) than of the elderly group. There were no significant differences in witnesses, EMS transport, presumed cardiac cause of arrest, ROSC rate, survival rate to admission, and survival to hospital discharge between the two groups.
In the subgroup of patients who had ROSC, the adult group had a significantly greater survival-to-discharge rate than the elderly (Table 3) . However, multivariate analysis suggested that the only cause of improved survival to discharge in the adult group was a greater proportion of VF/VT (odds ratio, 7.912; p = 0.007; Table  4 ). Comparison between elderly patients who had ROSC and those without ROSC showed that the witnessed victims of cardiac arrest had a greater chance of ROSC, but presumption of cardiac cause of arrest decreased the ROSC rate. There were no significant differences in age, sex, EMS transport and initial cardiac rhythm between the two groups (Table 5) . A bivariate analysis was performed for predictors of survival to hospital discharge in elderly patients. Age, sex, EMS transport, initial cardiac rhythm and presumption of cardiac cause of arrest were not significant predictors of survival to hospital discharge. However, elderly survivors did have a significantly shorter duration of resuscitation and all had a witnessed arrest (Table 6 ). The durations of resuscitation in the elderly survivors were all less than 20 minutes, while six of the 10 adult survivors had resuscitation lasting for 20 minutes to regain a pulse 
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( Table 7 ). Post-resuscitation neurologic outcomes of the survivors showed no significant difference between the elderly and the adult groups (Table 8 ).
Discussion
The overall survival rate of this study was 7.4%, which is a better rate than that of previous studies in Taiwan [4] [5] [6] [7] , North America and Europe 3 . In this study, withholding CPR was decided by the EP, who judged whether there was evidence of irreversible death or whether the family had the right to represent the patient's will with a DNR request. Although it might be presumed that physicians tend to give up on elderly OHCA cases more quickly, we found that the decision of the EP to withhold CPR was not affected by the patient's age (p = 0.105).
Demographic and clinical characteristics of the patients showed that the adult group included more males, and the patients had more VF/VT. These findings were similar to the study of Bonnin et al. 20 . The survival rate of the elderly OHCA patients was 6.1%, while that of the adult group was 9.9%, but there was no significant difference between the two groups. The result, which differs from that of Bonnin et al. 20 , was consistent with many previous studies [11] [12] [13] [14] [15] [16] , so resuscitation of elderly patients is as rational and appropriate as resuscitation of the adult group.
Rogove and colleagues 19 studied 774 patients who all survived initial resuscitation. They reported that increasing age was an independent factor of postresuscitation mortality. In the subgroup of all patients who had ROSC in our study, we also found that the adult group had a significantly greater survival rate than the elderly. However, a multivariate analysis of our study revealed that only patients with VF/VT had an increased chance of survival. However, Rogove et al. 19 did not take initial rhythm into account in their multivariate analysis. Our conclusion is that, even in patients who have survived initial resuscitation, increasing age alone does not increase post-resuscitation mortality. We found that in the elderly, a presumption of a cardiac cause of arrest decreased ROSC rate but not survival rate. This result differed from that reported by Chang et al. 7 , who studied patients over 18 and suggested that those with a presumed cardiac cause of arrest had a better outcome. Our study revealed that a cardiac cause of arrest in the elderly did not have a better outcome than other causes.
Comparing elderly survivors with non-survivors, the only two predictive factors were whether the arrest was witnessed and the duration of resuscitation at the ED. It was already well known that an arrest being witnessed was a significant independent factor for a better outcome of OHCA 9, [20] [21] [22] . It was also well documented in previous studies that patients who had a shorter duration of resuscitation tend to have a better chance of survival 5, 7, 13, 19 . Our study confirmed this better chance of survival and found that the elderly survivors' resuscitation took less than 20 minutes, but that some adults survived resuscitation of more than 20 minutes. Considering human physiology, we hypothesize that the adult group had more physical reserves to tolerate longer resuscitation and manage post-resuscitation complications than the elderly group, allowing them to survive longer resuscitations. However, two Taiwanbased studies on patients aged over 18 years reported that no patients who resuscitated for longer than 20 minutes at the ED survived to hospital discharge 5, 7 .
Our study showed no significant difference in gender of the elderly between survivors and non-survivors, although women have a longer life expectancy than men 1 . This result is in line with many other studies 12, 19, 20 . ■ ■
Out-of-hospital Cardiac Arrest in the Elderly
Does EMS transport increase the survival rate of elderly patients? Unfortunately, this study did not suggest any benefit from EMS transport. This may be because of differences between those who tended to use EMS and those who did not. For example, the families who bring patients to the ED by themselves might be more medically aware, or simply live near the hospital and can therefore reach it more quickly themselves than by EMS transport. However, this assumption could not be confirmed, and we think that this point is worth further research.
Gulati and colleagues 11 reported that VF/VT was a strong predictor of elderly survival, which was supported by many studies 8, 10, 15, [21] [22] [23] . However, in this study, initial cardiac rhythm of the elderly did not affect the survival rate. We believe this was because the initial rhythm recorded at ED arrival could not represent the real initial arrest rhythm; also, it is possible that case numbers were insufficient to obtain this result.
Did the elderly survivors have poorer post-resuscitation cerebral outcomes than the adult group? Our results showed that elderly survivors had cerebral outcomes as good as those of the adult survivors. Previous studies 19, 24 concluded and our study confirmed that the elderly do not have poorer neurologic outcomes than adult patients. There were some limitations to this study. First, it attempted to predict elderly OHCA patients' outcome from arrival at the ED, so the EMS were not emphasized while they were well established during the study period. Lapostolle and colleagues 25 reported that there were great difficulties for health care providers in determining whether a patient is pulseless. In our experience, this can be difficult in a noisy ED. As a result, emergency medical technicians can make errors at the scene, believing a patient to be pulseless but who is not, and thinking a patient to be alive but who has no pulse. For this reason, the patient status in this study was confirmed by EPs who have more experience and more equipment with which to verify the diagnosis. Besides, the accurate time of cardiac arrest could not be determined and we could not measure the quality of prehospital CPR by the EMS-run data.
Second, the precise cause of cardiac arrest could not be confirmed and could only be inferred from chart records and laboratory data by the two EPs.
Third, the healthy status of these patients before arrest was not assessed because of difficulties in obtaining accurate information retrospectively. Chronic disease was not included in assessment, as we could not accurately assess the degree of control the disease was under. Also, some chronic conditions might have skewed the outcomes of our study 13, 19, 25 , and we presumed that this would also affect the decision to withhold CPR. Fourth, although the Utstein style guidelines were used, they could not be completely complied with in a retrospective study.
Fifth, the value of bystander CPR was not considered in the analysis, as it was not routinely recorded in the EMS-run data sheet. Only six patients received bystander CPR in this study, but no one survived to discharge.
Finally, the scale of the study is a limitation; results of one medical center study may not be an accurate reflection of the whole elderly population.
In conclusion, it is rational and necessary to resuscitate the elderly, because the elderly do not have a worse survival rate or post-resuscitation neurologic outcome than other adults. However, it is worth noting that witnessed arrests and shorter durations of resuscitation have a significant impact on elderly survival rates. In addition, all the elderly survivors studied were witnessed arrest cases, and there had been return of circulation within 20 minutes at the ED.
